It is well known that the endolymph in the inner ear of various animal species contains a much higher concentration of K+ than ordinary tissue fluids (ENGER, 1964; JOHNSTONE et al., 1963; MURRAY and POTTS, 1961; NAITO et al., 1965; SMITH et al., 1954) . The effects of changes in the ionic concentrations of the endo-and perilymph and of locally applied drugs on cochlear potentials have been extensively studied through iontophoretic injection or microperfusion techniques (KATSUKI et al., 1966; KONISHI et al., 1966; KONISHI and MENDELSOHN, 1970; KUIJPERS et al., 1967; KUROKAWA, 1965; MATSUURA et al. 1968; TANAKA, 1963; TANAKA and BROWN, 1970; TASAKI and FERNANDEZ, 1952) . Some functional relations between the cochlear responses and the characteristic ionic composition of the two fluids have been clarified, namely, the fact that the high K+ concentration in the endolymph is indispensable for maintaining cochlear function (KONI-SHI et al., 1966; TANAKA, 1963) . The significance of the high K+ concentration in the endolymph has been dealt with by TASAKI (1960) , but the ionic mechanism for the generation of microphonic potentials and the role of high endocochlear K+ concentration need to be clarified still further.
In this study, we perfused the goldfish sacculus (inner ear) to analyze the effects of ions and drugs on the microphonic potentials. In the goldfish the sacculus is a tubelike structure with hair cells forming part of its medial wall; the hair-bearing surface faces the lumen (FURUKAWA and Ism', 1967a, b; HAMA, 1969) . Results show differences in the effects of ions and drugs when applied either to the lumen of the sacculus or extraluminally. These results are different from those obtained in the mammalian cochlea. Some efforts have been made to explain these differences in terms of ionic mechanisms responsible for the generation of the microphonic potentials. 
METHODS

RESULTS
Replacement of endolymph with isotonic NaCl or KCl solutions Figure 2 shows a typical time course of an experiment in which 120mM NaCl solution was injected through a micropipette inserted into the sacculus. The Sample records show the microphonics and the stimulus sound monitored. They were summed 80 times by averaging computer. Left shows the control before perfusion; middle and right, the records after perfusion with 120mm NaCl and KCl solutions respectively. microphonic potential showed a slight increase for the first few minutes after the initiation of perfusion. Thereafter, the potential tended to decline a little, but it became stationary at 15min after the start of perfusion. The amplitude of the microphonic potential at the steady level was about 93% of the original value before perfusion. At 60min, the perfusate was shifted to 120mm KCl by application through a different micropipette. This produced no appreciable change in the microphonic potential, as can also be seen in Fig. 2 .
Perfusion with 120mM NaCl was carried out in 17 cases: 9 cases showed a slight decrease (about 10%) in the microphonic potential, 2cases showed a slight increase but gradually returned to the original size after 30min, and 6cases showed no appreciable change in the size of microphonics. Perfusion with 120mM KCl produced no appreciable change in the size of the microphonic potential in 9 out of 10 cases. A decrease of the amplitude was found in only 1 case, in which damage to the structure was suspected. These results with 120mM NaCl differ from those obtained in the mammalian cochlea. This point will be discussed later.
Effects of extraluminally applied K+ reached steady levels following the application of the solution. The ordinate, i.e., the size of the microphonic potentials, is shown as a percent of the control (filled circle). An approximately linear relationship was obtained at concentrations above 30mm. These results could be explained by assuming that the reduction in the size of the microphonic potential was produced as a result of a decrease in the resting membrane potential of hair cells. This assumption appears reasonable, for it is quite probable that hair cells, like nerve and muscle, could be depolarized by K+, and depolarization would lead to a reduction of the microphonic potentials. The resting potential of hair cells exclusively supplies the electromotive force for the generation of the microphonic potentials in the goldfish's ear, since potentials comparable to the endo-cochlear DC potentials do not exist (see DAVIS, 1965 , for the mode of generation of the microphonic potentials). Intraluminal administration of ouabain had no effect on the microphonic potential. 
Perfusion of solutions of high osmotic pressure
The microphonic potential did not seem very sensitive to a slight change in the osmotic pressure of the perfusate. But perfusion with solutions of much higher concentrations produced a reversible reduction of the microphonic potential. Figure 7 shows such an example in which the sacculus was perfused successively with 200mm NaCl and KCl. Rlduction in the size of the microphonic potential was about the same with these two solutions, indicating that the reduction is probably due to the action of high osmotic pressure rather than a specific action of different ion species. On the contrary, no marked change in the microphonic potential was produced when the concentration of the electrolyte in the perfusate was decreased to one-half normal. Similarly, hypertonic solutions did not produce a comparable reduction when applied extraluminally. Perfusion with isotonic sucrose usually decreased the size of the microphonic potential and the suppression in this case was reversible (Fig. 8) 
Action of CaCl2 and ethylenediamine tetraacetic acid (EDTA)
Intraluminal perfusion with isotonic KCl containing 4mM CaCl2 produced no marked change in the microphonic potentials. However, the microphonic potential was reduced when the concentration of CaCl2 was increased to 20mM (KCl was reduced to 100mM). This reduction was to some extent reversible (Fig. 9) . Marked suppression of the microphonic potential was observed when the lumen was perfused with 120mm CaCl2. In this case the reduction of the microphonics was almost irreversible.
Effects of EDTA were also examined. The solution used consisted of 3.6mm EDTA• 4Na, 1.4mM EDTA• 2Na, and 110mM KCl, the pH of the solution being adjusted to 7.4. When this EDTA solution was injected into the sacculus, the size of the microphonic potential decreased gradually and it reached 25-30% of the original amplitude in about 50 min. The reduction was irreversible. The effect of EDTA on the microphonics may be attributable to either the disappearance of free Ca++ from the endolymph or its direct action on the saccular otolith or on hair cells. (DAVIS et al., 1955; IINUMA, 1967; MISRAHY et al., 1958; WEVER et al., 1949) . However, this influence may be negligible in the present experiments because of the presence of sufficient blood circulation to the macula. Moreover, the reduction of the microphonics by hypoxia in goldfish sacculus is at most moderate in degree (FURUKAWA and ISHII, unpublished observations Ionic composition of endolymph. The endolymph in the inner ear has high K+ and low Na+ concentrations, while the perilymph has a high Nat concentration like ordinary extracellular fluids (ENGER, 1964; JOHNSTONE et al., 1963; NAITO et al., 1965; SMITH et al., 1954) . JOHNSTONE and others (1963) have reported that the Na+ concentration in the endolymph of guinea pig is as low as 1.4-2.5 mM/liter. The endolymph in goldfish contains 79mM K+ and 53 mm Na+ (NAITO et al., 1965) , while the endolymph of elasmobranchs contains much lower K+ and higher Nat concentrations (ENGER, 1964; MURRAY and POTTS, 1961) . Further, in octopus the endolymph has approximately the same concentration as sea water (AMOORE et al., 1959) . Thus, the ionic composition of the endolymph shows a great variation among different animal species. But, at least in vertebrates, the K+ concentration of the endolymph becomes high in more advanced animal species. At its extreme, almost all the cations of the endolymph consist of K+ in the mammalian cochlea.
In guinea pigs, the cochlear microphonic potential is suppressed by perfusion of the scala media with NaCl, while perfusion with isotonic KCl has a much smaller influence on the potential (DAVIS, 1957; DAVIS et al., 1955; KONISHI et al., 1966; MISRAHY et al., 1958; TANAKA, 1963) . These findings indicate that the high K+ concentration in the endolymph is indispensable for maintaining cochlear function, and many explanations of its physiological significance have been proposed. For example, TASAKI observed that the squid axon membrane treated with K+-rich media and subjected to anodal polarization became extremely sensitive to mechanical distortion of the membrane. From this finding, he proposed that the high K+ concentration in the endolymph might contribute to elevating the sensitivity of the cochlear hair cells as a mechanical receptor (1960) . This interpretation has been supported by KATSUKI and HASHIMOTO'S recent report on mechanosensitivity of shark pit organ (1969) .
In goldfish, however, perfusion of the endolymphatic space with isotonic NaCl did not have any influence on the microphonic potential. Therefore, our results clearly contradict those obtained on guinea pig cochlea. The cause of this discrepancy is not necessarily clear, but there is one aspect that has so far remained unnoticed on the role of high K+ concentrations in the endolymph. As to the mode of activity of hair cell organs, DAVIS postulates that there is a steady inward flow of electric current across the hair-bearing surface of hair cells (1965) . In guinea pigs, whose endolymph is constituted almost exclusively of KCl, the current may be carried solely by the inflow of K+, while in lower forms such as goldfish the ionic composition of the endolymph is such that a considerable portion of the current had to be carried also by Na+. It deserves notice here that Na+, once it has entered the cell, has to be pumped out, while K+ can be dissipated passively. These considerations seem to suggest that the active extrusion mechanisms for Na+ are much better developed in hair cells of lower forms than in those of the mammalian cochlea. If this were the case, the above-mentioned differences regarding the effects of perfusing with isotonic NaC1 could easily be explained.
